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Field of Invention 

2 The present — reiates to pharnraeeuoea, ^positions and eo.nina.ions to treat arteria. 
and related heart disease and related ailments. 
Background of the Invention 
3 Coronary arte,, disease (CAD) is the ,eadin g eause of morfcHty in the deveioped worid, and is 
^ with substantia, morb.diry as we, TypicaUy, the parient w„h CAD has sever, 
concomitant eonditions, incmdins hypertension, diabetes, and dysUpidemia, in™ overaU 
risk for poor outcomes and complicating treatment. 

4 Amongantih^ 

• u ! t ( AMU is a very well-tolerated agent with an established record of 
(CCB) amlodipine besylate (AML) is a very wci 

« • for the treatment of hypertension and angina. A potential therapeutic 
safety and effectiveness for the treatment oi nyv 

role for AML in the treatment of patients with CAD was reeentiy 

Tri a, (PREVENT). Th,s three-year tria, — the effeets of AML eontpared ,o piaeeho on 
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th e development and progression of atherosc.erotic .esions in coronary and carotid arter.es 
anrong patients with documented CAD (Byington RP, Mi.ier ME, Hereon D, e« ai. Rat,ona.e, 
design and Wine characteristics of the Prospecrive Randomrzed Eva.ua.ion of the Vascular 
Effects of Norvasc Tria, (PREVENT). An,. , CarSo,. .997; 80,087-,090). The resuHs of 
PREVENT showed impressive e.iniea. benefits with AML therapy, inc.uding an overaU 30% 
reduction in major documented events or procedures (Byington RP, Chen J, Furberg CD, Pitt B. 
Effect of am.odi P ine on cardiovascuiar events and procedures. J. An,. Co,,. Car*. .999; 
33,.4A and Pin B, Byington RP, Humdnghake DB, Mancini J, Miner ME, Ri.ey W. Effect of 
aml „dipine on the progression of athetosis and occurrence of c.inica, events. Ore*** 
3000- ,02;.503-.5.0). AML therapy was a,so associated with a significant s.owing ,n the 
passion of carotid atherose.erosis, as measured hy B-mode u.trasonographic assessments 
(Byingyton R, Ri.ey W. Booth D, e. a.. Effect of am.odipine on progression of carofd 
xerosis in patients with documented heart disease. An,. , H„. .999; .:42A-43A 
and Pit. B, Byington RP, Hunninghake DB, Mancini J, Miner ME, Ri.ey W. Effect of 
anUodipine on the progression of athetosis and occurrence of c.inica. events. 
20 00- 102:1503-1510). The e.iniea, benefit seen with AML in CAD has no, been previously 
reported with other CCBs, including dihydropyridine-type agents that have been used ,0 examme 

effect of a calcium channel blocker on the progression of coronary atherose.erosis. CK— 
1990 . 82 ,940-1953; Lieht.en PR, Hugenhohz PG, Rafflenbeu. W, et a.. Retardation of coronary 
artery disease in humans by the ca,cium-cha„ne, Mocker nifedipine: Results of the INTACT 
Miy anternationa, Nifedipine Tria, on Antiatherogenic Therapy). Carcase. Drugs *, 
,990- 4-8,047-8,068; Borhani NO, Mercufi M. Borhani PA, e, a,. Fine, outcome resu,«s of the 
Mumcenter ,sradipine Diuretie AtherosCerosis Study (MIDAS). A randomized controlled tna,. 
JAMA ,996; 276:785-79,). This observation has ,ed ,0 interest in potentia, antiatherogenrc 
properties of AML, including antioxidant effects tha, are independent of ea,cium channe. 
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adulation (Mason BP, Leeds PR, Jacob RE, e, a,, .nhibi.ion of excessive neuronal apop,os,s by 
the ca,c,um antagonist amiodipine and antioxidants in cerebeuar granule cell, J. 
1999 . 72 ,448-Me; Tulenko TO, Laury-Kleintop L, Walter MF, Mason RP. Cholesterol, 
cafcium and atherosclerosis: Is there a role for calcium channel blockers in atheropro.ec.ion? Int. 
J. Cardiol. 1997; 62 

« (2 Suppl):55S- 66S; Krantsch DM, Sharma RC. Limits of lipid-lowering .herapy: The benefit 
of amiodipine as an an.i-a«herosc.ero.ic agent... Hun,. Hypers. 1995; 9 (Suppl L.S3-S9); and 
Mason RP, Walter MF, Trnmbore MW, 0,ms.ead EG, Mason PE. Membrane antioxidant effects 
of .he charged dihydropyridine ca,cinm antagonist am.odi P ine. J. Mo,. Cell. CarSol .999; 
31:275-281. 

7 Hypolipidemic therapy has also been demonstrated .o be very useful in .educing morbidity and 
mortality associated with CAD. The ortho- and para- hydroxylaled me.aboli.es 
ATM have been shown to exhibit antioxidant effects in lipoprotein preparations (Aviram M, 
Rosenbla. M, Bisgaier CL, Newton RS. A—in and gemfibrozil me.aboli.es bn, no. the 
, parent drugs, are poten, antioxidants against lipoprotein oxidation. Myosclerosis .998: 
' ,38:27.-280). The ortho, meta-, and para-hydroxy.ated memboH.es of atorvastatin (ATM) and 
their methods of preparation are shown in U.S. Patent 5,385,929. 

8 However, no pharmaceutical composition currently exists that treats both hypertension and 
hyperemia. Such a pharmaceutical composition would have several benefits. For example, 
,he multiple risk factors for arterial and related heart disease tha. are often present in an 
indivtdual patient could be targeted simultaneous*. Additionally, the ease of taking one 
combined dosage could significantly enhance patien. compliance with therapeutic regimens. 

9 Therefore, it is an object of tins invention to provide a combination therapy tha, will treat the 
multiple pathological processes involved in arterial and related heart disease. 

,0 These include, bn, are no, limited to, hypertension and hyperlipemia. It is also an object of 
this invention ,0 develop useftrl and convenient dosage levels and forms of such a combinauon 
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th e r apeutic. Preferably, this pharmaceutical composition would have synergistic effects on these 
of this composition would be enhanced by their combination. 

development of drugs that can simultaneously target multiple underlying disease processes that 

contribute to atherosclerosis, thereby altering the course of the 

• u- ■ +"r>n PAD theraDV may have increased positive outcomes if 
12 disease. Therefore, using this invention, CAD therapy may 

♦ HMfi-CoA reductase inhibitor was combined in a single 
the use of an antihypertensive agent and HMG-CoA reoucid 

delivery system. 
Summary of the Invention 

, 3 Unexpected*, when AML and ATM were confined, they had a synergistic effect in 
■ prevent iipid peroxidation in hutnan .ow-denaity apoproteins (LDL) and fipid ntemhranes. 
I The active of the conation is considered synergistic as the tneasured effect significantly 
I needed any additive effects of the two drags. Therefore, these agents have heretofore 
recognized synergistic antioxidant effects, a property tha, wouid enahie these agents to 
increase the resistance of LDL and vascniar ceU nretnhranes to oxidative tnodification durtng 
serogenesis, indeed, oxidafive ntodification of fipids is a wefi-estabfished canse of injury to dte 
endodtefinnt and undoing smooth ntusOe (Ross R. Atherosc.eros, - An inflatory disease 
N £ „g,,Me, ,o 99; 340 :n5-126 ; D i a Z MN,FreiB,V taJ A,Keaney ff . An,— and 
ath erosc,ero,ic hear, d,sease. N. En gl . J. Me, ,997; 337:408-4,6). LipophUic agen,s tha, 
pr „,ec, agains, fiptd peroxidafion have heen shown ,o reduce ,esi„n deve.optnen, in various 
models of a,herosc,erosis as we„ as cfinica, studies (Diaz MN. Frei B, Vita tt. Keaney 3F. 
^oxidants and atherosderouc hear, disease. N ft* , Me, .997; 337:408-4,6). Moreover, 
to henefi, associa,ed with hypofipidenfic therapy is a«ribu,ed ,0 hoth Us effect on p,asnta very 
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,„w-densi,y lipoproteins (VLDL), LDL, and high-density apoproteins (HDL) leve.s and, as a 
consequence, to a reduction in the potential formation of atherogenic oxidized lipoproteut, 
4 Scientific analyses that support the combined use of AML (Norvasc®) and ATM in a single 
delivery system for the treatment of cardiovascuta disease are described in mis invent™, 
Specifically, the synergistic antioxidant aetivities of the calcium channel Mocker, AML, and the 
active hydroxylated metabolite of the HMG-CoA reductase inhibitor atorvastatin, ATM were 
evaluated in human LDL and lipid membranes enriched with polyunsaturated fatty acids 
(PUFA), the key target for oxy-radica! damage in atherosclerosis. The synergistic effects of 
these agents were demonstrated in membranes prepared in the presence of cholesterol. The 
combination of AML with ATM effected a dramatic and sustained reduction in tipid oxy-tad.ca, 
damage a. concentrations as tow as !0.0 nM. The dose-dependen, antioxidant activity assocated 
with the combination of these drugs a, therapeutic ieve.s was highly synergistic and cou,d no, be 
effectively reproduced by the endogenous agent, vitamin E. Antioxidant activity was not 
observed, however, when AML was combined with outer HMG-CoA reductase inhibitors, 
including lovastatin and mevastatin. As determined by x-ray diffraction and chemicai anaryses, 
ft. distinct activity described for this drug combination can be attributed to strong phystco- 
chenrica. interactions with the membrane bUayer that are independent of the weH-charactenzed 
effects of these drugs on calcium transport and choiesterol metabo.ism. This synergistic 
antioxidant benefit constitutes a new phannaco.ogic mechanism of action for these compounds 
and a eompeUing rationale for the combined use of tire active ingredients in Norvasc® and ATM 
in ,he treatment of cardiovascular disease by reducing the leve,s of LDL in plasma and 
improving protection of LDL and ceUular membranes against oxidation. This new property 
complements the established effects of these drugs on hypertension and dyslipidemia. 
15 Other objects, features, and advantages of the present invention wiU be apparent from tire 
Mowing Detailed Description of tire Preferred Embodiments taken in conjunction wrth the 
accompanying drawings in which: 
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Brief Description of the Drawings 

,6 Figure 1 shows the synergistic effects of AML and ATM on lipid peroxidation at a low, 
therapeutic concentration of drug (100.0 nM) in membranes containing physiologic levels of 
cholesterol, x is percent inhibition of lipid peroxidation and y is treatment with amlodipine 
(AML), a—in metabohre (ATM), and the combination of both (AML +ATM) a, a leve. of 
,00 nM. Values are mean ± standard deviation for n 6. ... indicates pO.OOl versus control and 
other treatments. 

,7 Figure 2 shows the dose-dependent antioxidant effect of the combination of AML and ATM 
over a broad range of concentrations (0.01 through 10.0 uM). x is percent inhibition of liptd 
peroxidation and y is treatment with the combination of AML and ATM a, the micromolar 
concentrations indicated. Values are mean ± standard deviation for n - 6.- indicates P <0.001 
versus control and other treatments. 
,8 Figure 3 shows the superior antioxidant activity of the AML/ATM combination over vitamin E 
as a function of time a. an identical concentration (10.0 uM). x is percent inhibition of lipid 
' peroxidation and y is treatment win, fine combination of amlodipine and atorvastatin metabolite 
(AML + ATM), darkened panel, or vitamin E (E), cross-hatched panel, both at 10 uM. Values 
are mean ± standard deviation for n=6 ,0 12. -.indicates p<0.001 versus control and other 
treatments. 

,9 Figures 4A-4D show the sites of proton abstraction (SI, 82, and S3) for ATM that contribute to 
antioxidant activity in Figure 4A along with resonance stabilization calculations (Figures 4B 
through 4D). 

20 Figure 5 shows the comparative effects of AML antioxidant activity when combined with 
different HMO-CoA reductase inhibitors at the same concentration, x is percent inhibition of 
Hpid peroxidation and y is treatment with the combination of amlodipine and atorvastatin 
metabolite (AML + ATM), darkened panel; amlodipine and mevastatin (AML+M), cross- 
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i , . t . ( ami +n no lipid peroxidation inhibition; all at 
hatched panel; or amlodipine and lovastatin (AML +L), up P 

, , fx, n-fi to 12 ***.indicates p<0.001 versus 

1 .0 uM. Values are mean ± standard deviation for n-6 to 12. 

control and other treatments. 
21 Figur es 6A-6B show fire fistic anfioxidan, effects of AML and ATM in human 

substances (TB ARS) formation measured at an absorbance of 532 nm and y is time in hours. The 
eonrro, is indicated by f,Ued eireies with solid Hues, Trolox C (soluble vitamin E) is ind,ca,ed by 
fll ,ed, inverted hian.es with smaU dashed fines, AML a,o„e is indicated by open diamonds wfih 

fines, and AML and ATM is indicated by fined scares with dotted fine, In (Figure 6B), x . 
thi obarbituric reactive substances (TBARS) formation measured a, an absorbance of 532 nm and 
y ta trearmen, with the combinafion of amlodipine (AML), darkened pane,; 
' metabofire (ATM), cross-hatched pane,; or anfiodipine and atorvastatin metabolite (AML. 

1 7 n ,,\A Values are mean + standard deviation, 
i ATM), darkened panel, at a concentration of 3.0 uM. Values are m _ 

I 

I indicates p<0.001 versus control and other treatments. 

3 

' 22 Figure 7 shows fire computed enthalpies for ATM, AML and their respective radiea, specie, 
23 figures 8A-8C show x-ray diffraction determination of fire separate versus combined hp.d 
me mbrane interacts of AML and ATM. x is Native e,echon density and y is angstroms rom 

„ me dorted fine; in Figure SB, ATM is fine dohed fine; in Figure 8C, the combinafion of 

densities between the control and treatment electron density profile, 
24 Figure , shows fire separate versus combined effects of AML and ATM on membrane b aye, 
tensions as determined by x-ray diffraction anaiysi, x is fire change in membrane w,d,h .n 
angstroms and y is the treatment with AML, darkened panel; ATM, cross-hatched panel; and the 
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and ATM, hatched panel. Values are mean ± standard deviation. *** 



combination of AML 
indicates p<0.001 versus control and other treatments. 



Detailed Description of Embodiments 

2, W ***** W** ****** '" 
Uemb r a »es: The separate and cornea dose-dependen, antioxidant activities of AML, and 
ATM were tested in membrane vesic.es reconstituted from phospho.ip.ds emiched wt.h 
eho.estero. and the PUFA, di.ino.eoy. phospWdv.cho.ine, a, a 05:1 mo, ratio. Membrane 
vesic.es were used in these experiments for the foHovring reasons: .) .his system is weU-define 
and hi g h.y reproduce; 2) Hno.eic acid represents me primary targe, for oxidative damage and 
U common in vascu.ar ce,. membranes and apoprotein partic.es; 3) this membrane sys.em does 
„„, contain ca,.um channe.s or the HMO CoA reductase enzyme and; 4) Hp.d peroxidation m 

' dris sys.em can be initiated spontaneous,, a, 37°C in the absence of exogenous chemtca. 

3 initiators, such as high .eve.s of iron and ascorbare. .n these experiments, oxidation occurred m a 

t gradua,, rime-dependent manner that was measured specnophototnetricaUy over a 72 h penod. 

2 26 In Figure ., .he synergistic an.iox.dant ac.iv.ty of AML and ATM was demonstrated m 
membr ane vesic.es composed of cho.es.ero, and phosphohpid at .eve.s .ha. reproduce 
phys .o,og,-h k e cond...o„s (Tmenlto TN, Chen M, Mason PE, Mason RP. Physics, effects of 
Co.estero, on arteria. smooth musc.e membranes: Evidence of .tnmisc.b.e cho.estero, domains 

„M on.y the ATM separate.y produced any significant inhibition (9% of contro.) of fiprd 
peroxidation in membrane preparation enriched with cho.estero.. When .he agents were 
combined, however, the extent of inh.bit.on increased ,0 33%, an effect significant* (p<0.01, 
greater than that measured for the agents separate*. The antioxidant acnvity of me combination 
was very apparent: the drugs .nhibited Hp.d perox.de formation <> 5 x ,0> pM) a, a concentrate 
of ,00.0 nM (me contro. .eve, of Hpid peroxide formation was W mM). This drag combinafon 



167907 



2) Significan, .nhibnion (,<0.0 5 ) was observed as .ow a, ,0.0 nM w«h an IC s .of 500.0 ,M. 
Gr ea,er to 90% ^ 0 • ".M Lipid P-.de — „) was observed a, a —on 
of ,0 0 „M for the —ion (Figure 2). The fact that inhibition was observed 
sub m.crom„.ar ,evefs ind.cafes that the benefit observed with the —ion of AML and 

ATM is of therapeutic relevance. 
27 The anuoxidan, effect of the eombinafion persisted over time in a manner that conid no, be 
reproduced by vitamin E, even a, an e.evared concentration (.0.0 „M) (F.gure 3). 
ohservafionis— « -W^^ «— 

2 during the Upid peroxidation process. Bv contrast, the acfivhv of the AML/ATM — 
B was no, affec,ed b y ,he .ength of ,he i„cuba,ion period in which ,he ,omi fip,d perox.de ,eve, 
t increased to 2.2 mM at the 72 h time point. 

S , , tv of ATM mediated by its additional hydroxy group, may facilitate 

"^28 The increased polarity of AIM, meaiaicu y 

t s,ro„ g er in.erac.ions wi,h me formaUy charged AML, .ead.ng ,o d.sfinc, in.eracons w,m 
1 phosphohpid mo.eeu.es, as evidenced bv x-ray di«rac,io„ ana, y s. The addifion, hydroxy 
" group associa,ed with ,he ATM a,so provides an addifiona. abs tt ac,ab,e pro.on ma, can be 
d0 „a,ed ,o free radica, mo.ecu.es (Figure 4). FoUowmg ,he .oss of me pro,„n, ,he remammg 
onpaired free e.ecron can be effeCive.y s,ab„ized in resonance secures of me metab, * as 
shown in Figure , The d,s,mc, an,i„x,da„, aefivi, of ,he combinanon of AML with ATM ,s 
indi ca,ed by ,he observafion ,ha, a simUar effect cou,d no, he reprodueed when AML was 

in .educing card— morbid., and mo^, especiaUy CAD. LDL panic.es ,ha, have 
gr ea,er resis,ance ,o ox.dat.ve damage exh.bi, reduced cy,„,ox,ci,y, in,erfere .ess wt,h 
eodomehum-denv ed mhic ox.de producfion, and do no, eon,r,u,e ,0 foam ceU — 
m Frei B, Vi,a M. Keaney JF. An— and ameroso.ero.ic hear, disease. N. ft* ^ 
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Med .997- 337:408-416). Supplementation with an antioxidant has been shown to tncrease 
LDL resistance ,o oxidative modification and reduce endomelia. cell cytotoxicity (Belcher JD, 
Balla J, Balla G, et al. Vitamin E, LDL, and endothehnm. Brief oral vitamin supplemental 
prevents oxidized LDL-mediated vascu!ar injury in vitro. Ar,enosc,er. 7W. .993; 13:1779- 
,789) Prohuco,, a HpophiUc antioxidant, attenuated the formation of atherosclerotic phrmtes ,n 
choles,ero.-fed primates, an effect that correlated with increased resistance of LDL to oxtdattve 
damage (Sasahara M, Raines EW, Chai, A, e, a.. Inhibition 

atherosclerosis in the nonbuman printate by probucol. I. Is the extent of atberosc.erosis related 
, . t „ resistance of LDL ,o oxidation, J. CI,, ln.es, .994; 94:155-364). This antioxidant inhibtted 
1 the formation of lesions in Watanabe hereditary hypolipidemic (WHHL) rabbits, a wefi- 
t characterized animal mode, of atberosderosis, independent of cho.esterol-lowenng effects 
5 (Carew TE, Schwenke DC, Steinberg D. Antiatherogenic effect of probuco. unrated to r* 
5 h yp„cholestero,emic effect: Evidence that antioxidants in vivo can se,ec«ive.y inhibit .ow 
S density lipoprotein degradation in macrophage-rich fafty streaks and s.ow the progression of 
5 atherosclerosis in the Watanabe heritaMe hyperfipidemic rabbit. Proo. Nail Acad. Sc, USA 
° ,987- 84-7725-7729). Beyond these animal studies, a placebo-controlled clinical study 
" demonstrated dra, probuco, reduced restenosis by 47% in patients with CAD Mowing coronary- 
artery balloon angiop.asty, presumaMy due ,0 its anfioxidan. effects (Tardif 3C, Cote G, 
Lesperance 3, e, a.. Probuco! and multivitamins in the prevention of restonosis after coronary 
a^op.asty. Mmtivitamins and Probuco! Study Group. N fl* / Uei. .997; 337:365-372). .n a 
separate study, it was demonstrated that probuco,, unlike antioxidant vitamins, had a benefica, 
effect on vascu,ar remodeUng in patients tha, had underwent angiop.asty, as determined by 
m _,ar ultrasound technics (Cote G, Tardif 3-C, Lesperance 3, e, a,. Effects of probuco. 
„„ vascular remodeling after coronary angioplasty. Circulation 1999; 99:30-35). 
30 Thus a review of fire avai.able data provides a mechanistic rational for «he use 
antioxidants ,o interfere with inflammatory processes associated with CAD. By increasing the 
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stance of LDL and — - — s to — — ^ - — 
activlty may „ — w ith patho,o B ic — „ the vesse, - 

function and toxica, « and pla.e,e, adhesion, and arteria, vasospasm, secondary a 
, oss of nornra, nitric oxide production. These ceUuia, observations support epidentto^c 

Coiditz OA, Rosner B, WiUet, WC. Vitamin E —ion and the rist of corona. dUease ,n 

women. K En Sl . , U* .«* ^ ' ^ " „ 

Orovannucci B, Coidi.OA, WiUeh WC. VirandnB —on and dre « of — h^ 

di sease in men. * J Mc, .993; 32.H5CH56; Enstrom * Kanim LE, Kle.n MA. 
Vitamht C intake and ntottaHtv a„r„n g a sampie of the United States pop-ion. ^ 

5,0,9,-295; Ramirez 3, Flowers NC. Leukocyte ascorhic acid and its re,— to corona. 
« disease in ma, ^ / C„, »» « 33;2079-20S7; Henne^ CH, Burin, , 
Ma „so„ 3E, e. a,. Lack of effect of ,on,,ernt supp—on with ~ ~ " * 
, ncid cnce of maH g nant neopiasms and card— disease. M , - »* 33 ■ 

a ,,„dcoro„ary Hear. disease m „^ in o,de r pet^ns: Tfte Es^hed Pop.^ 

Ep «c Stndies of,, E.der.y. ^ , » - »* — > * *" 

stnd.es .owed henefr, with vitamin E, an anttoxidan, with Untite ^ 
inttrto with oxidase modification. The resu,, of this study wou.d predtct ,h 
B ^^-AT-^»i-P«-■^•--- , ■ E ■ ,,4, - , 
vascular injury associated with CAD. 
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3, W ic of Alpine »„H the Hydroxy Atorvastatin Metabolite ,n 

Human LDL: The separate and combined antioxidant effects of AML and ATM were a,so 
evainated in human LDL preparations. The ability of these agents ,o inhibit LDL peroxidation 
was assessed in vitro Mowing addition of copper (10.0 pM) by measuring the levels of 
thiobarbfturic reactive substances (TBARS), a marker of lipid peroxidation. Figure 6 shows that 
to rate of LDL oxidation was characterized by sigmoidal curve kinetics with an initial lag phase 
fohowed by a sharp propagation and final plateau phase (Esterbauer H, Gebicki J, Pun! H, 
Jurgens G. The role of lipid peroxidation and antioxidants in oxidative modification of LDL. 
Free Radic Biol. Met. 1992; 13:341-390). After a 4 h incubation period, tire differentia, effects 
of rhese compounds could be dearly observed a. a concentration of 3.0 uM. As compared to 
contro, lipid peroxidation (100% TBARS formation), TBARS formation for AML and ATM 
S were 93 3 * 6% and 65.6 «%, respectively. When combined, however, TBARS formation was 
f only 29 3 ± 6%, levels «ha, were significantly (p<0.01) lower .ban .ha, observed for either drug 
O alone. The synergistic antioxidant effect of the combination persisted a. tire 6 h time point These 
S findings provide further evidence for synergistic activity consistent with tha, observed ,n 
2 me mbrane vesicles, as the drug combination produced a ,evc, of inhibition that substantially 
exceeded their expected additive effect. The antioxidant activity of vitamin E was similar ,0 tha, 
observed for ATM alone in these experiments. 

32 Chemical Mechanisms for the Synergistic Activity ofAmlodipine and Atorvastatin 

33 Metabolite: The synergistic antioxidant activity observed for this drug combination in LDL and 
.constituted lipid membranes suggests that these compounds interact directly with each other to 
scavenge tipid radicals. Based on thermodynamic considerations (Figure 7), i, is proposed tira, 
ATM reacts more quickly with lipid radicals (equation 1) than does AML, as described » 
equation 2. If these are the only two pathways available for these drugs when added together to 
,he system, .hen their combined effect would only be additive. However, tire combination of 
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both compounds » possibility for a « pathway Ration 3), an — e .haHs 

combination of pathways , and 3 would produce a sy.rgis.ic effect as it occurs more rap.dly 
th a» palhway 2. .ndeed, semi-empirica, ca.cuia.ions suggest ,h, reaction 3 is a favora e, 
exoth ermlcpr„cess( H,= -40, xf/nrol, Thus, the presence of the fast inhibitor (ATM) ^ ^ 
the s ,„wer inhibitor (AML) to remove nee radicals more rapidly than if reacting with the *d 
radicals on its own. The three padnvays describing these interactions are as foliows, » whtch 
LOO' represents a lipid radical: 

U 3<(1) LOO.+ATM-> LOOH+ATM- FAST 

§35(2) LOO. + AML-> LOOH+AML* SLOW 

% 36 (3) ATM* + AML — > ATM + AML.- 

isss 

"S j mi thr recvcled metabolite is now available 

~ 37 As a result of this synergy between AML and ATM, the recycled m 

5 AML and ATM are based, in par,, on the calculated enthalpies for these compounds and then 

" is hydrogen abstraction associated with radical formalion. Once formed, me unpaired radtca, 
associated with radical species can be stabilized in resonance structures. 

38 Molecular Me.orane MeraCons of Alpine and ***** ***** 

39 Small-angle x-ray diffraction approaches were used ,o examine the molecular membrane 
actions of.be AML and ATM combination. This highly q uan.i<a,ive ,ech»i q ue prov.des 
dire c,i„forma,ionon me structure of dre membrane lipid bilayer in the absence and presence of 
th£ drugs. .. has been prev.ously reported dta. AML has high affinity for ntembrane l.p.ds 
(K >30>) under ad— ic conditions, as compared ,o omer CCBs (Mason RP, Moisey DM 
Shajenxo L. Cholesterol aUers .he binding of Ca> channel blockers to me membrane „,d 
bil aye,.Mo, 1992;41:315-32,,. The distinct lipophificity of AML is attributed to 



13 

167907 



te amphiphihc chemical structure that directs the mo,ecu,e to an advantageous .ocarion „ the 
m embrane where it cau then interfere with the predion of free radica, by ho* biophysica, 
a„ d biochemica, mechanisms, as previous* described in deta.. by my .aboratory (Mason RP, 
Leeds PR, Jacob RF, e, al. .nhibition of excessive neurona, apoptosis hy the caicium an.gon.st 
a m ,odipine and antioxidants in cereheliar granu.e ceUs. , ****** 1999; 72.448-.456; 
Mason RP, Motsey DM, Shajetdto L. Cho.estero, ahers the binding of C*> channe. Hooters to 
te membrane Upid hiiayer. Mo,. P^aco,. ,992; 4,;3 15 -32 1; Mason RP, CampbeU SF, Wang 
SD Herbette LG. Comparison of location and binding for the positively charged 1,4- 
dihydr „ P y,idine ca,cium channe. antagonist andodipine with uncharged drugs of this class ,n 
cardi ac membranes. Mo, 1989; 36;634-640; Mason RP, Waiter MP, Trumbore MW, 

Ohnstead EG, Mason PE. Membrane antioxidant effects of the charged dihydropyridme 
ca,cium antagonist am.oC.pine. , Mo,. CeU. 0«W .999; 3,:275-28.> .n membranes that are 
no, enriched with cho.estcro,, am.o d ipine inhibited lipid peroxidation in a manner drat couid not 
be reproduced hy other CCBs or the angiotensin converting enzyme (ACE)- inhibitor, captopn. 
(Mason RP, Waiter ME, Trumbore MW, Ohnstead „ EG, Mason PE. Membrane andoxidan, 
effects of the charged dihydropyridine ca,cium antagonist ammdipine. , Moi CeU. Carta,. 
,999- 31-27^-281). In me same way, the chemica, structure of the atorvastatin metabohte has 
amph.ph.Uc properties that wou,d enahie the drug to interact strongly with the membrane Hptd 
bi ,ayer, as recen,,y reported by my .aboratory (Mason RP. Inhibition of oxidative damage to ,ow 
density lipoproteins and iso,a«ed membranes hy atorvastatin and its active metabohte. / An,. 

Coll. Cardiol. 2000; 35:317A). 
40 Eor these studies, me combination of AML and ATM were added to membrane vesic.es 
.constituted from cho.estero. and phospho.ipid a, a 0.5;. mo.e ratio (Figure 8). X- ray 
faction a„a,ysis of the membrane samp.es produced strong and reproduce difffactron 
patterns for representative contro. and drug-containing samp.es. In the absence of drug, the 
overah membrane bi.ayer width, inc.ud.ng surface hydration, was 55, A with an intrahUayer 
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headgroup separation of 44 A. The addition of the two drugs together at a ratio of drug to 
phospholipid of 1:15 produced distinct changes in the structure and organization of the 
phospholipid bilayer, as compared to the drugs added separately (Figure 8). In the presence of 
the drug combination, the overall membrane bilayer width, including surface hydration, was 
reduced to 53.5 A with an intrabilayer headgroup separation of 41 A. Separately, the membrane 
bilayer widths of membranes containing AML and ATM alone were 54.8 A and 58.0 A, 
respectively (Figure 9). These structural findings provide direct evidence that the combination of 
these agents differentially modulate the structure of lipid molecules, as compared to their 
separate effects. 

] 4 1 Direct subtraction of the membrane electron density profiles (A versus electrons/ A 3 ) 
demonstrated large differences in lipid structure that could be attributed to the presence of the 
drugs (Figure 8). Specifically, the addition of the drug combination produced a broad increase in 
electron density associated with the upper hydrocarbon core/hydrated headgroup region of the 
membrane bilayer + 1 1-21 A from the center of the bilayer. This large increase in electron 
density distributed over 10 A is attributed to the equilibrium location of the drugs in the 
membrane. Concomitant with this change was an observed disordering effect associated with the 
central hydrocarbon core region of the membrane, ± 0-1 1 A. This decrease in electron density is 
due to an increase in molecular volume resulting from the insertion of the drug molecules into a 
region of high molecular density near the membrane hydrocarbon core/water interface. Thus, it 
can be concluded from these data that the insertion of the drug combination into the membrane 
bilayer alters the intermolecular packing constraints of the phospholipid molecules in a manner 
similar to that observed with either reducing cholesterol content or increasing sample 
temperature (Tulenko TN, Chen M, Mason PE, Mason RP. Physical effects of cholesterol on 
arterial smooth muscle membranes: Evidence of immiscible cholesterol domains and alterations 
in bilayer width during atherogenesis. 1 Lipid Res. 1998; 39:947-956; Chang HM, Reitstetter R, 
Mason RP, Gruener R. Attenuation of channel kinetics and conductance by cholesterol: An 
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interpretation using structural stress as a unifying concept. J. Membr. Biol. 1995; 143:51-63). 
Such changes in biophysical properties have been shown to interfere with the propagation of free 
radicals though the lipid bilayer matrix (McLean LR, Hagaman KA. Effect of lipid physical state 
on the rate of peroxidation of liposomes. Free Radic. Biol. Med. 1992; 12:113-119). 
42 Separately, AML and ATM effected distinct changes in membrane structure, as compared to 
the drug combination, due to specific interactions with constituent phospholipid molecules 
(Figures 8 and 9). While the drug combination effected a 2 A or 4% decrease (p<0.01) in 
overall membrane width, the ATM separately produced a 5% increase (pO.Ol) in width (2.5 A) 
while AML alone did not significantly alter membrane dimensions, including the intrabilayer 
headgroup separation. As compared to AML alone, ATM produced a larger reduction in 
hydrocarbon core electron density. This effect on membrane structure may contribute to its 
greater antioxidant potency, as compared to AML. The combination of AML and ATM effected 
a new site of interaction with the membrane lipid bilayer, in addition to their separate locations 

in the membrane (Figure 8). 
43 Therefore, this invention is drawn to a pharmaceutical composition comprising amlodipine and 
atorvastatin metabolite. These individual pharmaceutical agents can be formulated in 
combination, or separately, in salts, forms, and dosages that produce maximal therapeutic 
responses. This combination therapy is designed to treat the various pathophysiological 
manifestations of arterial and related heart disease, including, but not limited to, hypertension, 
hyperlipidemia, atherosclerosis, arteriosclerosis, coronary artery disease, myocardial infarction, 
congestive heart failure, stroke, and angina pectoris. Specifically, this combination therapy will 
be designed to lower blood pressure and systemic lipid concentrations as well as the related 
pathophysiological results of the lack of their regulation, including, but not limited to, arterial 
weakening and plaque deposition. The effects of these individual agents on these various 
processes and events related to arterial and related heart disease, when used in combination can 
be additive and/or synergistic. 
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44 It will now be apparent to those skilled in the art that other embodiments, improvements, 
details, and uses can be made that are consistent with the letter and spirit of the foregoing 
disclosure and within the scope of this patent and the appended claims. 

Experimental Methods 

45 Dilinoleoyl phosphatidylcholine (DLPC), 1 -palmitoyl-2-oleoyl phosphatidylcholine (POPC) 
and unesterifted cholesterol were obtained from Avanti Polar Lipids Inc. (Alabaster, AL) and 
stored at -80»C. Aliquots of LDL (L-2139) from human plasma were obtained from Sigma 
Chemical Co. (St. Louis, MO). Sephadex G-25 M (PD- 10) columns were purchased from 
Pharmacia Biotech Inc. (Piscataway, NJ). Amlodipine besylate was obtained from Pfizer Central 

; Research (Groton, CT) while the hydroxy metabolite of atorvastatin was provided by Parke 
Davis (Ann Arbor, Ml). The ortho-hydroxy metabolite of atorvastatin was used in the 
> experiments. Vitamin E, Trolox (a vitamin E analog), lovastatin, and mevastatin were purchased 
i from Sigma Chemical Co. (St. Louis, MO). 

U 6 Membrane Lipid Peroxidation Analysis: The separate and combined dose-dependent 
? antioxidant activities of these agents were examined in membranes enriched with PUFA 
prepared a. a 0.5 cholesterol to phospholipid mole ratio (Mason RP, Walter MF, Tmmbore MW, 
Olmstead Jr. EG, Mason PE. Membrane antioxidant effects of the charged dihydropyridine 
calcium antagonist amlodipine. / Mol Cell Cardiol. .999; 31:275-281). The lipid (dilinoleoyl 
phosphatidylcholine and cholesterol) used for these samples was dissolved in HPLC-grade 
chlorofornr (25.0 mg/ml). An aliquot of the lipids (1.0 mg) was added to individual glass 13 x 
100-mm test tubes and chloroform was removed by shell-drying under a steady stream of N, gas. 
The lipids were dried down in me absence or presence of drng(s) dissolved in ethanol. Residual 
solvent was removed under vacuum while the samples were shielded from light. Membrane 
vesicles were produced by rapidly mixing .he dried lipids a. room temperature following 
addidon of 1.0 ml HEPES buffered saline (0.5 mM HEPES and 154.0 mM NaCl, pH, 7.2). The 
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final phospholipid concentration was 1.0 mg/ml buffer and the final concentration of drug ranged 
from 10.0 nM through 10.0 uM. 

47 Membrane lipid peroxidation was carried out at 37°C in a shaking water bath without the 
addition of exogenous stimulants, as previously described in detail (Mason RP, Walter MF, 
Trumbore MW, Olmstead Jr. EG, Mason PE. Membrane antioxidant effects of the charged 
dihydropyridine calcium antagonist amlodipine. J. Mol. Cell. Cardiol 1999; 31:275- 281). At 
various time intervals (24, 48, 65, 72h), an aliquot of lipid sample (10 to 100 ul) was removed 
before 25 ul of 5.0 mM ethylenediaminetetracetic acid (EDTA) and 20 ul of 35.0 mM butylated 
hydroxytoluene (BHT) was immediately added to the sample to stop the peroxidation reaction. 

48 The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as 
previously described in detail (El-Saadani M, Esterbauer H, el-Sayed M, Goher M, Nassar AY, 
Jurgens G. A spectrophotometry assay for lipid peroxides in serum lipoproteins using a 
commercially available reagent. J. Lipid. Res. 1989; 30:627-630). The quantity of I 3 " was 
measured from the following reaction in which L represents a phospholipid molecule: 

49 LOOH + 2H + + 2T > LOH + H 2 0+ h 

j 50 i 2 +r >i 3 " 

" 51 An aliquot of the membrane sample was removed at various time points and then added to 1.0 
ml of CHOD color reagent (E.M. Science, Gibbstown, NJ) that includes 20.0 uM BHT, 24.0 
&M EDTA, and 0.2% Triton-X. The sample was then covered with foil and allowed to incubate 
for 2 h in the absence of light before measuring the absorbance of the sample at 365 nm (8=2.4 x 
10 4 MW). The background sample was run along the test samples in triplicate and contains 
76.7 &1 of 0.652 mM HEPES, 20 uJ of 5.0 mM EDTA and 3.3 ul of DDI water. The extent of 
lipid peroxidation was measured in triplicate for each drug concentration and compared to 
control samples that did not contain drug. The statistical significance of these experiments was 
assessed by the non-paired t-test. Significance was accepted at p<0.05. 
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final phospholipid concentration was 1 .0 mg/ml buffer and the final concentration of drug ranged 
from 10.0 nM through 10.0 pM. 
47 Membrane lipid peroxidation was carried out at 37°C in a shaking water bath without the 
addition of exogenous stimulants, as previously described in detail (Mason RP, Walter MF, 
Trumbore MW, Olmstead Jr. EG, Mason PE. Membrane antioxidant effects of the charged 
dihydropyridine calcium antagonist amlodipine. J. Mol. Cell. Cardiol 1999; 31:275- 281). At 
various time intervals (24, 48, 65, 72h), an aliquot of lipid sample (10 to 100 pi) was removed 
before 25 pi of 5.0 mM ethylenediaminetetracetic acid (EDTA) and 20 pi of 35.0 mM butylated 
hydroxytoluene (BHT) was immediately added to the sample to stop the peroxidation reaction. 
1 48 The extent of membrane lipid peroxidation was measured by the CHOD-Iodide assay as 
| previously described in detail (El-Saadani M, Esterbauer H, el-Sayed M, Goher M, Nassar AY, 
5 Jurgens G. A spectrophotometric assay for lipid peroxides in serum lipoproteins using a 
f commercially available reagent. J. Lipid. Res. 1989; 30:627-630). The quantity of I 3 " was 

t measured from the following reaction in which L represents a phospholipid molecule: 
Q 49 LOOH + 2H + + 2F > LOH + H 2 0+ 1 2 

Q 50 h + Y >l3" 

51 An aliquot of the membrane sample was removed at various time points and then 

52 added to 1.0 ml of CHOD color reagent (E.M. Science, Gibbstown, NJ) that includes 20.0 

53 pM BHT, 24.0 &M EDTA, and 0.2% Triton-X. The sample was then covered with foil and 
allowed to incubate for 2 h in the absence of light before measuring the absorbance of the sample 
at 365 nm (6=2.4 x 10 4 M-W 1 ). The background sample was run along the test samples in 
triplicate and contains 76.7 &1 of 0.652 mM HEPES, 20 pi of 5.0 mM EDTA and 3.3 pi of DDI 
water. The extent of lipid peroxidation was measured in triplicate for each drug concentration 
and compared to control samples that did not contain drug. The statistical significance of these 
experiments was assessed by the non-paired t-test. Significance was accepted at p<0.05. 

54 LDL Oxidation Determination: In addition to lipid membranes, the antioxidant 
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52 LDL Oxidation Determination: In addition to lipid membranes, me antioxidant aetivity of 
AML and ATM was evaluated in hnman LDL. The EDTA content of the LDL samples 
obtained from hnman plasma was removed by gel filtration with PD-.O Sephadex 025-M 
fitaation columns; PBS (nitrogen purged) was used as the eluent. The LDL samples (50 ug of 
protein/mL) were then prcincuba.ed with or without drug (3.0 pM) for 30 mm a, 37°C. 
Oxidation of LDL was then induced by the addition of 10.0 uM CuS0 4 . The time course of 
LDL oxidation, measured by TEARS formation, was followed for 6 h at 37»C (Mak IT, 
Kramer JH, Weglicki WB. Potentiation of ftee radical-induced lipid peroxidative injury to 
sarcolemma. membranes by lipid amphiphiles. J. Biol CHetn. .986; 261:1153- 1157). LDL 
oxidation, as determined by the TBARS methods, followed sigmoida. curve kinetics with an 
initial lag phase followed by a sharp propagation and final plateau phase (Esterbauer H, 
Gebieki J, Puh. H, Jurgens G. The role of lipid peroxidation and antioxidants in oxidative 
modification of LDL. Free Radio. Biol. Med. 1992; 13341-390). The protein content of the 
LDL was determined using the Coomassie Protein Plus assay kit from Pierce Chemical. A 
rapid and sensitive method forme quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Anal. Bioehem. 1976;72:248-254). 

53 Snail an g ,e X-ray diffraction analysis: Small-angle X-ray diffraction anatyses were used to 
directly examine .he molecular membrane interactions of AML, and ATM. The lipids (1- 
palmi,oy.-2-oleoyl phosphatidylcholine and cholestero.) used for these samples were dissolved 
in HPLC-grade chloroform (10.0 mg/ml). Membrane vesicles were produced from these lipids 
by the same method as described for the peroxidation experiments. The final phospholipid 
concentration was 5.0 mg/ml buffer and the mole ratio of drug to phospholipid was 1:15. 
Membrane samples were oriented for diffraction analysis by subjecting them to centri&gation as 
previously described (Chester DW, HeAette LO, Mason RP, Joslyn AF, Triggle DJ, Koppel DE. 
Diffusion of dihydropyridine calcium channel antagonists in cardiac sarcolemmal lipid 
multibUayers. Biophys. J. 1987; 52:1021-1030). Briefly, vesicles were placed in sedimentation 
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cells that contained an aluminum foil substrate. The vesicles were sedimented in an SW-28 rotor 
(Beckman Instruments Fullerton, CA) at 35,000 x g for 1.5 h at 5°C. Following centrifugation, 
the supernatant was removed from the pellets and the samples were then mounted on to curved 
glass supports. Samples were placed in sealed canisters to control relative humidity and 
temperature during the diffraction experiments, as previously described in detail (Chester DW, 
Herbette LG, Mason RP, Joslyn AF, Triggle DJ, Koppel DE. Diffusion of dihydropyridine 
calcium channel antagonists in cardiac sarcolemmal lipid multibilayers. Biophys. J. 1987; 52: 
1021-1030). 

54 X-ray diffraction experiments were conducted by aligning the samples at grazing incidence 
with respect to a collimated, nickel-filtered monochromatic X-ray source (CuK a 1.54 A) 
produced by a high-brilliance rotating anode microfocus generator (Rigaku Rotaflex RU-200, 
Danvers, MA). The fixed geometry beam line consisted of a single, nickel-coated Franks mirror 
to define a line source where K a and K^are unresolved. The diffraction data were collected on a 
one-dimensional, position-sensitive electronic detector (Innovative Technologies, Newburyport, 
MA) placed at a distance of 150 mm from the sample. Each meridional diffraction peak was 
Lorentz- and background-corrected, as previously described (Mason RP, Gonye GE, Chester 
DW, Herbette LG. Partitioning and location of Bay K 8644, 1,4- dihydropyridine calcium 
channel agonist, in model and biological membranes. Biophys. J. 1989; 55:769-778). The 
phases for the four-order data were determined by swelling analysis (Moody MF. X-ray 
diffraction pattern of nerve myelin: A method for determining the phases. Science 1963; 
142:1173-117). Fourier transformations of the data were generated from the diffraction data 
with Origin software (Microcal Software, Northampton, MA). 
55 What is claimed is: 
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